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56  GOWBN : 

when  a  bystander  taking  up  a  piece  of  wood  began  throwing 
it  up  and  catching  it;  the  father  did  the  same.  When  the  by- 
stander opened  his  arms  and  let  the  wood  fall  to  the  floor,  the 
father,  through  irresistible  imitation,  opened  his  arms,  and 
his  child  fell  to  the  floor  and  was  killed. 

It  may  be  well  in  closing  to  summarize  briefly  what  has  been 
said  in  regard  to  the  relation  of  the  general  mental  condition, 
or  tone  of  thought,  to  many  of  the  epidemics  considered,  and 
to  add  to  this  some  further  illustrations. 

For  centuries  before  the  period  with  which  we  are  primarily 
concerned,  the  minds  of  all  had  been  steeped  in  superstition. 
•'Vulgar  traditions  and  unreliable  legends,*'  says  Fort  (p. 
362),  **repeated  nightly  around  the  blazing  fires  of  each  do- 
mestic hearth,  or  gravely  narrated  to  awe-struck  multitudes  at 
fairs,  public  markets  and  on  great  church  festival  days,  as- 
sisted in  maintaining  an  unreasonable  spiritual  activity;  the 
mediaeval  mind  was  held  to  an  abnormal  strain  by  the  impos- 
sible narration  written  in  monastic  annals. ' '  The  imagination 
was  kept  at  fever  heat;  miracles  were  supposed  to  be  taking 
place  everyday;  demonism  was  never  questioned,  and  the  ever 
increasing  belief  in  witchcraft  prepared  the  way  for  various 
other  delusions.  The  breakings  out  in  convents,  of  such  fre- 
quent occurrence  in  the  Middle  Ages,  were  due  to  the  mental 
food,  to  uninterrupted  religious  thoughts  and  practices,  which, 
combined  with  the  grossest  superstitions,  and  accentuated  by  a 
life  of  solitude  at  times  rendered  the  inmates  of  convents  quite 
abnormal.  It  is  safe  to  say  that  exaltation  of  spirit  which 
came  as  a  result  of  constant  worship  and  prayer,  combined  with 
the  constant  fear  of  persecution,  prepared  the  way  for  the  epi- 
demic martyrdom  of  the  early  Christian  church. 

Fort,  speaking  of  the  dancing  mania,  says  (p.  363):  **  Ardent 
fanaticism  developed  from  abnormal  religious  frenzy  and  irra- 
tional social  life  and  aggravated  mediaeval  superstitions,  con- 
joined to  extreme  dread  of  swiftly  destructive  maladies, 
prepared  the  popular  mind  for  the  singular  disease  which 
swept  through  Germany  in  1374."  By  * 'swiftly  destructive 
maladies*'  he  probably  meant  the  plague,  primarily,  for  it  had 
already  returned  several  times  since  1348.  He  may  have  re- 
ferred, also,  to  St.  Anthony's  fire,  that  terrible  disease  which 
burned  away  the  flesh,  and  let  the  joints  drop  apart,  so  that  a 
limbless  trunk  might  be  found  by  the  roadside  praying  for 
death  or  begging  to  be  killed  (24:1,  54).  This  disease,  it  is 
believed,  turned  the  minds  of  many  toward  the  Holy  I<and, 
/.  e.,  inspired  them  with  a  desire  to  join  in  the  crusades.  It  is 
possible  that  the  English  Sweat,  another  terrible  disease, 
which  occurred  first  in  1485,  and  returned  four  times  by  1551, 
had  considerable  influence  on  the  later  epidemics. 
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since  Diamandi  excelled  in  mathematics  at  school  for  nine 
years  before  he  discovered  his  gift  for  calculation. 

Neither  mathematj<gal  jS^r  general  education  or  mental  ability, 
then,  has  any  i//^/f^**infMence  on  mental  calculation.  Indi- 
rectly, how^v^.dkraca*tion  may  have  an  important  influence. 
We  havaisj^^1|iat*if  for  any  reason  the  interest  in  calculation 
is  l9s^**jt\}e:carculating  power  will  disappear.  Now  mental  cal- 
.    cuf^(|^  IS  a   narrow  and  special  field,  with  little  practical 


likely  to  sink  into  the  background.  This  explaii 
why  so  many  ignorant  men  have  excelled  as  calculators ;  ig- 
norance, by  preventing  the  intrusion  of  other  interests,  leaves 
the  calculator  free  to  develop  his  one  gift,  and  keeps  him  from 
realizing  how  trivial  it  is,  and  how  groundless  is  the  public 
amazement  which,  perhaps,  contributes  to  his  support.  On 
the  other  hand,  if  the  interest  in  calculation  is  retained  despite 
the  widening  of  the  sphere  of  interests  resulting  from  educa- 
tion, the  calculating  power  may  prove  to  be  of  considerable 
practical  value.  The  two  Bidders  will  serve  as  examples.  The 
father  owed  his  striking  success  as  an  engineer  primarily  to  his 
powers  of  mental  calculation,  which  not  only  won  him  the 
friends  who  contributed  to  pay  the  cost  of  his  education,  but 
were  of  constant  use  to  him  in  his  profession,  especially  as  an 
expert  witness  before  Parliamentary  committees.  The  son,  a 
lawyer,  tells  us  that  he  finds  it  an  immense  advantage  to  have 
in  mind  a  number  of  formulas  and  constants  for  ready  refer- 
ence,^ and  doubtless  his  readiness  in  using  these  formulas  and 
constants  in  mental  arithmetic  was  still  more  useful.  Gauss 
and  Safford  are  illustrations  of  the  obvious  possible  usefulness 
of  mental  calculation  to  the  mathematician. 

Calculation.  If  mental  calculation  naturally  arises  out  of 
counting,  we  might  at  first  suppose  that  addition  would  be  the 
favorite  operation  of  the  mathematical  prodigies ;  but  there  is 
no  evidence  to  this  effect  in  any  known  case.  Bidder  specifically 
states  that  multiplication  is  the  fundamental  operation ;  Col- 
bum  found  multiplication  easier  even  than  addition  or  subtrac- 
tion ;  Buxton's  favorite  problems  seem  to  have  been  long 
multiplications,  yet  we  have  seen  reason  to  suspect  that  his 
calculations  never  progressed  far  beyond  the  counting  stage ; 
the  younger  Bidder  performed  15-figure  multiplications,  Safford 
(though  in  a  very  easy  case)  an  i8-figure  multiplication,  and 
Dase  one  of  100  figures  which  did  not  seem  seriously  to  tax  his 
powers.  The  reduction  of  years  to  seconds  and  similar  prob- 
lems,  resting  on  simple  applications  of  multiplication,   have 

^Spectalor^  LI,  1878,  p.  1635. 
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cks  and  properties  readily  discovered  by  the  calculator.  Many 
gebraic  problems  are  thns  solved,  and  the  same  is  tme  of 
uare  and  cube  roots  of  perfect  squares  and  cubes,  as  we  have 


The  distincticm  which  is  so  often  made  between  memory  and 

^zs^dculaizoH,   with  the  implication  that  the  great  calculator  is 

^sdmply  a  little  calculator  with  a  big  memory,  using  the  same 

-s^iethods  as  his  lesser  rivals,  is  misleading ;    the  process  is 

always  (in  the  '* natural"  calculators)  a  true  calculation,  and 

xnemory  for  figures  is  important  only  in  so  fiu*  as  it  stands  in 

-r  he  service  of  calculation. 

Finally,  many  of  the  calculators  heretofore  supposed  to  be 
of  visual  memory  type  turn  out,  on  closer  examination,  to 
l:>elong  to  the  auditory  (or  auditory-motor  J  type,  at  least  in 
calculation ;  and,  in  general,  since  counting  is  essentially  a 
verbal  process,  the  calculator  who  begins  from  counting,  before 
he  learns  to  read  and  write,  will  usually  belong  to  the  auditory 
type,  and  will  make  relatively  little  use  of  visual  images  in  his 
actual  calculations.  At  least  two  of  the  "  major"  prodigies, 
however,  and  possibly  four,  belong  to  the  visual  type. 

APPENDIX  I. 

NoTK  ON  Zerah  Colburn. 

Scripture,  at  the  beginning  of  his  treatment  of  Colburn  {op, 
cit,^  p.  ii).  says:  '*  Autobiographies  do  not  always  furnish  the 
most  trustworthy  evidence  in  regard  to  the  man  himself; 
when,  moreover,  the  author  is  convinced  that  he  is  nothing 
less  than  a  modem  miracle ;  and,  finally,  when  having  had  no 
scientific  and  little  literary  education,  he  at  a  later  date  writes 
the  memoirs  of  his  youth,  ^re  are  oUiged  to  supply  the  lacking 
critical  treatment  of  the  narrative."  A  little  earlier  (p.  8)  he 
tells  us  that  Gausss  '*ifhe  had  had  the  misfortune  to  have 
been  gifteil  with  nothing  else  [than  his  calculating  powers] , 
,  .  ,  ,  might  even  have  prodjomed  himself  in  the  Colburn 
fashion^  a.s  a  nuraculouii  excepuon  from  the  rest  of  mankind.*' 
Afiiiin  (|v  to),  ''  It  is  U>  be  lemarked  that  Colbnm*s  calcula- 
ting jx>\XTn*»  »uoh  as  they  were,  seemed  [ar]  to  have  absorbed 
aU  h\H  mental  caeq^y:  he  w*s  uoable  to  learn  much  of  any- 
thing»  t\\\  inca^viWe  v\f  the  exercise  of  even  ordinary  intelli- 
8cn\v  oi  of  any  ivnfcctical  apfikation.  The  only  quality  for 
whu  h  he  was  Wi>eciaHy  vii:^iu|[uisbed  was  self-appreciation. 
Ur  MH^ks.  Km  exawpVt*  vtf  Bidier  as  *  the  person  who*  ap- 
jvi»rt%  hr\\  lUr  ncaw^t  ^^  an  equality  with  himself*  in  mental 

^  VU»»  >H>M\U  ''m  xh#^  >^^r^^^r>^  *>BN*>^mefit^'  are  bcre  omitted  by  Scripture 
%iU^H^\<  0\^  \^%i«\\NWA\x  *Vfi^  ot  %NWkW*x>a.    s^Jitmovr  p.  175.) 
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In  apperce pti ve  AttentioOy  tbe  new  mipuwion  is  rrinjwccd  by  men* 
tal  contents  ^tnilsr  to  itself.  It  is  not  renllj  indispenssble  that  this 
reinforcinf^  msss  be  lof^icallj  eo-ordinated«  or  scirnttficadly  classified; 
jet,  to  aecnre  the  best  results,  the  apperception  should  be  carefnll j 
prepared.  Rsbelsis  and  Ronssean  were  masters  in  this  kind  of  pre- 
paratory work.  The  ^ilnre  of  Pompey  and  Cicero  may  be  traced  to 
the  want  of  this  power  to  hold  the  attention  of  the  public  Jnlins 
Caesar  was  pre-eminently  successful  in  this  direction.  To  skill  in 
preparins^  for  apperceptive  attention,  is  due  the  triuniph  of  realism 
owtt  idealism. 

The  fundamental  law  of  appeiceptiie  attention  is : 
In  erery  apprehension  which  is  not  directed  by  the  will,  the  accu- 
racy and  rapidity  of  understanding  increase  in  proportion  to  the  extent, 
the  Tsrietj,  and  the  judicious  co-ordination  of  the  associations  of  the 
scquired  ideas.    Upon  this  are  based  the  following  rules : 

1.  In  apperceptire  attention,  it  is  not  indispensable  that  the  presen- 
tation be  new,  but  it  mast  seem  to  be  new.  Racine,  Glfick,  Goethe, 
Chateaubriand,  had  the  power  of  presenting  well-known  legends  in 
such  a  way  that  the  ideas  possessed  all  the  attraction  of  original 
creations. 

2.  To  facilitate  apperceptlTc  attention,  the  content  of  the  new  must 
be  similar  to  the  old  experience,  but,  by  no  means  identical  with  it. 
(The  tediousness  of  copying  illustrates  this  point.) 

3.  New  notions  must  be  connected  with  old  experience  by  means  of 
transitional  notions  which  shade  gradually  from  the  old  into  the  new 
content-  (The  Odyssey  of  Homer,  the  Dialogues  of  Plato,  the  trage- 
dies of  Sophocles,  illustrate  admirably  the  significance  of  such  transi- 
tions as  a  means  to  holding  the  attention.) 

4.  Between  two  culminating  points  of  apperceptive  attention  a 
pause  should  be  made.  This  pause  cannot  be  regarded  as  a  definite 
cessation,  but  implies  rather  a  kind  of  slackening  of  activity,  by 
means  of  which,  a  more  perfect  assimilation  through  talent  or  uncon- 
scious cerebration  may  be  secured.  Without  this  pause  after  a  cul- 
minating point,  the  attention  may  not  be  secured  for  the  second 
point.  This  is  explained  on  the  ground  of  the  fatiguing  nature  of  ap- 
perceptive attention.  Apperception  is  always  a  source  of  emotion 
more  or  less,  and  while  it  constantly  satisfies,  it  constantly  gives  rise 
to  new  expectation,  which  implies  a  constant  outlay ,  and  a  consequent 
ezhanstion  of  energy,  the  renewal  of  which  demands  at  least  an  ap- 
proximate rest  after  a  period  of  mental  activity. 

Margaret  ELbivbr  Smith. 

Mental  and  Moral  Heredity  in  Royalty.  A  Statistical  Study  in  His- 
tory and  Psychology,  by  Frederick  A.  Woods.  New  York, 
Henry  Holt  &  Co.,  1906.    pp.  VI,  312. 

Dr.  Woods'  book  is  an  amplification  of  a  series  of  articles  published 
daring  the  last  few  years  in  the  *'  Popular  Science  Monthly.'*  The 
preface  states  that  it  was  written  in  the  hope  of  contributing  some- 
thing to  a  knowledge  of  the  science  of  history,  but  it  is,  however,  rather 
a  contribution  to  the  psychology  or  the  comparative  psychiatry  of  his- 
tory. The  analyses  of  the  various  royal  family  trees  are  minute  and 
painstaking,  but  it  seems  unfortunate  that  the  author  should  let  his 
biological  enthusiasm  hide  the  sound  principles  of  modern  psychiatry. 
Because  the  familv  trees  of  royal  houses  are  so  minutely  recorded, 
they  offer  a  splendid  opportunity  for  the  study  of  the  question  of  men- 
tal heredity,  and  yet  it  appears  to  us  that  the  author  has  not  made  the 
best  use  of  available  historical  facts.  Because  certain  members  of  a 
family  suffered  from  a  vague  disorder  known  as  insanity,  and  certain 
descendants  or  collateral  individuals  of  this  family  suffered  from  a 
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first,  that  Herbart*8  pejchological  standpoint  is  the  only  intelligible 
and  workable  standpoint  for  the  practical  teacher;  and,  second,  that 
from  this  standpoint  snch  definite  connotations  can  be  given  to  the 
terms  sonl  or  mind,  knowing,  feeling,  will,  interest,  and  habit,  that 
the  terms  so  connoted  become  scientific  and  gniding  concepts  for  edu- 
cational practice." 

The  anthor  first  discusses  some  of  the  critics  of  Herbart,  dissenting 
from  those  who,  from  the  Kantian  point  of  view,  r^^ard  the  theoretical 
foundations  of  Herbart's  pedagogv  as  thoroughly  unstable,  and  from 
the  Dosition  taken  by  Dr.  Hayward  and  other  Herbartians,  who,  while 
admitting  the  incompleteness  or  even  erroneonsness  of  Herbart's 
metaphysics  and  psychology,  maintain  that  this  in  no  way  militates 
against  the  practical  value  of  his  educational  doctrines,  which  were 
not  deduced  from  his  philosophy.  Dr.  Davidson,  on  the  contrary, 
maintains  that  if  the  Herbartian  theory  of  education  works  in  prac- 
tice, it  implies  a  sound  psychological  theory  and  that  the  logical  pro- 
cedure is  to  question  whether  Herbart  has  been  rightly  interpreted, 
rather  than  to  assume  a  contradiction  between  theory  and  fact.  He 
finds  the  key  to  Herbart  in  the  philosophy  of  Leibnia  and  through 
this  offers  a  new  interpretation  of  Herbart.  In  order  to  make  the  re- 
lation clear,  he  devotes  three  chapters  to  the  Leibnizian  philosophy, 
discussing  successively  Leibniz's  philosophical  principles,  his  psycho- 
logical standpoint,  and  his  theory  of  feeling  and  will.  He  then  pro- 
ceeds to  discuss  Herbart's  psychological  standpoint  in  comparison 
with  that  of  Leibniz,  beginning  with  his  definition  of  soul  and  taking 
up  point  by  point  the  similarities  and  differences  of  the  two  systems  and 
snowing  that  the  latter  are  more  in  seeming  than  in  r^dity.  He  then 
discusses  in  |a  similar  way,  Herbart's  theory  of  presentation,  theory 
of  feeling,  theory  of  will,  and  concept  of  interest,  summarizing  the 
main  points  of  his  argument  as  follows:  **Soul  life  is  life  in  and 
through  presentations  and  knowledge.  Will  is  the  movement  of  pre- 
sentations or  knowledge,  and  meaningless  when  regarded  as  separable 
from  knowledge.  Hence  right  knowledge  im  movement  will  imply 
right  willing.  But  the  soul  life  can  be  habituated  to  move  in  right 
presentations  or  knowledge  by  the  educative  instruction  of  the  educa- 
tor, which  secures  that  the  right  presentations  are  sufficiently  often 
repeated  in  the  soul-life  to  become  habituated  soul  activities.  The 
conception  of  the  ^Memory  of  Will'  is  adopted  by  Herbart  to  account 
for  the  growth  of  this  habituated  soul  activity.  The  various  habitu- 
ated activities  ultimately  form  the  soul-life  into  an  organized  instru- 
ment— an  organon  called  interest — which  wills,  in  the  truest  and 
highest  sense  of  willing,  the  moral  life  of  thought  and  action."  Then 
follow  chapters  on  the  fallacy  of  formal  education,  individuality,  and 
many  sided  interest,  and  interest  versus  self-realization  as  the  first 
principle  of  education.  The  book  is  throughout  clearly  and  logically 
written  and  is  a  valuable  contribution  to  the  philosophy  of  education. 

Thbodatb  L.  Smith. 

TT^e  Origin  of  Life ^  by  J.  Butlbr  Bu&kb.  Chapman  &  Hall,  London, 
1906.     pp.  351. 

In  Nature,  May  25th,  1905,  Mr.  Burke  published  a  short  account  of 
experiments  carried  on  by  him  in  the  Cavendish  Labaratory  at  Cam- 
bridge, which  evoked  great  interest  and  much  discussion.  A  some- 
what more  elaborate  account  appeared  in  the  September  number  of 
the  Fortnightly  Review.  These  experiments  dealt  with  certain  forma 
of  radio-activity,  and  in  the  course  of  them  Mr.  Burke  discovered  cer- 
tain minute  bodies,  which  he  named  radiobes,  and  which  he  claimed 
exhibited  certain  characteristics  of  living  matter.    He  characterizes 


1 64  SPEARMAN  : 

sums  of  a  total  minimtim  whicb,  transforming  from  x  and  y  to 
X  and  Y,  may  be  written  as 

SS[X-bxy^Y— (ax^  — bxy^ayk)]*, 
or,  shorter,  as  2  S  (X  —  bxy^Y  —  Ek  )  *,  or  simply  as  S  m. 

On  the  other  hand,  x  —  bxyV  —  bxxZ  =  o  is  a  'total  min- 
imal plane/  bzy  and  bzs  being  determined  by  the  relation 
2  (x  —  bxyy  —  bzzx)  *  =  a  minimum ;  and  this  minimum 
can  be  regarded  as  made  up  of  part  sums  (not  necessarily  min- 
ima individually),  one  for  each  dijBTerent  value  of  Z,  and  there- 
fore may  be  written  as 

S2  [X  — bxyY-(bxxZk  +  ax— bxyay— b„a.)]^ 

or,  shorter,  as         SkS  (X  —  bxyY  —  E^)  *, 

or  simply  as  M.  Evidently,  the  difference  between  2  m  and  M 
depends  on  that  between  Ek  and  E^.  But  the  former  is  the 
value  that  makes  every  part  sum  of  the  form  in  question  a 
minimum,  as  may  readily  be  found  by  determining  E  from  the 

equation— ^(X  —  bY  —  E)  ^  =  o.      Hence,  if  E'^  differs 

from  Ek  for  any  single  value  of  k,  the  corresponding  part  sum 
of  M  becomes  greater  than  that  of  5m.  A  fortiori^  the  total 
effect  of  all  differences  between  E^  and  Ek  for  all  values  of  k 
must  be  to  make  M  greater  than  2m.  But  in  the  present  case 
it  happens  to  be  possible  for  all  corresponding  parts  of  2m  and 
M  respectively  to  be  identical ;  for  the  'minimal  lines,'  from 
which  2m  derives,  must — owing  to  the  conditions  (c),  (e)  and 
(f ) — lie  in  one  plane  ;  and  there  is  no  condition  preventing 
this  plane  from  coinciding  with  the  'total  minimal  plane,'  from 
which  M  derives.  Since  M  can  wholly  coincide  with  2m,  it 
must  do  so,  for  otherwise  it  would  not  be  a  minimum,  as  re- 
quired by  hypothesis.     Hence  finally,  bxy  =  bxy^  and,  taking 

into  consideration  the  equations  (a)  and  (b),  we  arrive  at  the 
desired  result, 

*  xy         *  x«  •  Tyi 

^^^ -  ^(l-r^d-rj.)  («> 

The  second  case  is  where  equation  (f )  is  assumed  once  more 
and  also  bxy^  =  bxy^  =  bxy^  =  .  .  .  =  bxyj^  :=...=  o.      (h) 

It  is  clear  that  all  the  minimal  lines  must  again  lie  in  one  plane, 
and  this  can  again  be  shown,  by  reasoning  as  above,  to  coincide 
necessarily  with  the  *total  minimal  plane.*  Consequently  bxy 
=  bxy^  =  o.  Hence  equation  (g)  again  holds  good,  either 
side  of  it  now  being  equal  to  o. 
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of  attention.  The  very  fact  that  the  observer  in  oar  experi- 
ments was  told  to  look  fixedly  at  the  word  resulted  in  an  ab- 
normal prominence  of  the  visual  elements  in  the  ordinary  word 
complex.  Several  phenomena  connected  with  this  fact  were 
observed  which  greatly  contributed  to  the  loss  of  the  normal 
associations  of  the  word.  First,  the  letters  in  the  word  tended 
to  fall  into  groups.  The  normal  sound  association  of  the  whole 
word  accordingly  vanished,  and  each  of  the  two  or  more  groups 
of  letters  into  which  the  word  disintegrated  gave  a  sound  sug- 
gestion of  its  own.  Thus  'castle'  became  *cast-le,'  'toward' 
became  'tow-ard,'  and  so  on.  In  all  the  observers  an  inclina- 
tion was  noted  to  make  this  division  a  symmetrical  one ;  'regret' 
was  *reg-ret,'  'secret/  'sec-ret.'  Words  like  'terror,*  'coflFee,' 
'yellow,'  whose  syllables,  that  is,  division  of  the  normal  sound 
image,  corresponded  to  symmetrical  divisions  of  the  visual 
word,  kept  normal  sound  and  meaning  longer  than  those  whose 
visual  and  auditory  divisions  did  not  coincide ;  thus  'mother' 
promptly  became  *mot-her.'  Secondly,  the  form  of  one  or  two 
letters  in  a  word  would  often  stand  out  with  special  prominenoe 
from  among  the  others.  These  letters  were  more  commonly 
those  with  more  striking  forms,  such  as  'a'  and  's;'  'm'  was 
also  a  salient  letter  apparently  because  of  its  greater  area,  so  to 
speak  ;  but  the  letters  b,  p,  d,  q,  u  and  n  had  a  curious  way  of 
assuming  prominence  because  of  their  tendency  to  reverse 
themselves.  That  is,  p  would  look  like  d  upside  down,  b 
would  look  like  d  reversed  and  so  on.  This  concentration  of 
attention  on  a  single  letter  was  a  powerful  factor  in  bringing 
about  the  loss  of  the  normal  sound  association  of  the  word, 
and  also  in  destroying  its  familiar  look.  Thirdly,  when  a  word 
was  unphonetically  spelled,  it  tended,  on  being  fixated,  to  sug- 
gest the  sounds  connected  with  the  various  letters  rather  than 
its  proper  pronunciation.  The  word  *caught'  for  example  very 
quickly  called  up  the  sound  *cagt.'  This  was  undoubtedly 
connected  with  the  tendency  of  individual  letters  to  become 
the  focus  of  attention  in  the  visual  word.  One  could  not  say 
that  the  more  usual  sound  association  was  suggested  in  place 
of  the  less  usual  one,  for  the  letters  'aught'  are  never  pro- 
nounced *agt;'  the  fact  was  that  the  *g'  usurped  attention  be- 
cause of  its  striking  form,  and  produced  its  own  sound  associa- 
tion. On  the  other  hand,  the  word  'indict'  suggested  *in  diet' 
both  because  the  c  was  attended  to  and  because  the  syllable 
'diet'  is  more  commonly  pronounced  as  in  'diction.'  'Tongue' 
promptly  suggested  the  sound  'ton  gue,'  because  attention 
fixed  on  the  look  of  the  word  naturally  centered  as  much  on 
the  silent  letters  as  on  those  ordinarily  sounded. 

Again,  the  appearance  of  a  word  steadily  fixated  would  some- 
times suggest  the  sound  association  of  a  foreign  language. 


s   IN  TIME  ESTIMATION.         19I 

.    the  intervals  from  o.i"  to  0.6" 

stimation  turns  into  an  underesti- 

being  smallest  and  the  accuracy 

Lie  judgments  of  W  and  K  bear  out 

ictitude  is  greatest  for  0.6"  and  0.7." 

ry  well  with  the  results  of  previous 

;  ions.      Small  time  intervals  are,  as  a 

d  larger   time  intervals  are  underesti- 

jtween  the  large  and  the  small  intervals 

e  at  which  the  estimated  length  of  the  in- 

:ost  accurately  to  the  real  length.     This 

:^  to  different  observers,  between  0.5''  and 

iiese  results  into  a  mean  one  may  take  0.6'' 

These  conditions  are  exactly  verified  in  the 

:ad  many  years  practice  in  these  observations. 

:iservers  show  slight  differences.     W  overesti- 

.Tvals  and  is  most  exact  in  his  estimations  of 

'  and  0.7"  but  he  overestimates  also  the  inter- 

.d  0.9".     K  underestimates  long  and  short  inter- 

iiis  estimation  is  most  correct  for  0.6"  and  0.7". 

account   for  the  great   frequency  of  the  small 


I  frequency  of  zero,  too,  can  be  explained  from  the 

of  the  experiments.     The  judgment  zero  will  be 

.v:  star  crosses  the  line  in  the  moment  of  a  beat  of 

From  the  experiments  with  the  **Complications- 

::uow  that  for  the  most  part  the  sound  is  located  at 

.  hich  is  distinguished  from  the  other  points  by  some 

Thus  it  occurs  but  seldom  that  the  sound  is  located 

the  dashes  of  the  clock.*    The  lines  in  the  telescope 

J  same  r61e  as  the  marks  on  the  dial  of  the  clock  and, 

re,  the  beat  of  the  clock  is  heard  more  frequently  at  the 

lit  of  the  star  crossing  the  line.     This  accounts  not  only 

■1  excessive  frequency  of  zero  but  also  for  the  low  frequency 

rid  9,  because  if  in  a  series  of  equal  small  time  intervals  one 

.  val  is  marked  in  such  a  way  as  to  induce  an  overestima- 

of  it,  then  the  overestimation  is  made  at  the  expense  of 

adjoining  intervals  which  are  underestimated. 

j  t  is  obvious  that  a  similar  computation  of  the  *  'true  values* ' 

:  our  results  cannot  have  the  same  signification.      The  re- 

iits,  indeed,  show  that  the  estimation  comes  nearest  to  the 


*  Wundt,  Physiologische  Psychologic,  5.  ed.  Vol.  Ill,  p.  47.  Wundt 
refers  to  the  inyestigations  of  Kollert,  Kstel  and  Meumanu;  a  thor- 
'iU];hdi8CXiMion  of  their  results  is  to  be  found  in  I.  Quandt,  Das  Prob- 
lem des  ZeitbewusBtseins,  I^itteraturbcricht,  Arch.  f.  d.  ges.  Psychol- 
ogic, 1906,  Vol.  VIII,  pp.  143-189. 

'Compare  Wundt:  Physiologic  Psychologic,  5  ed.  Vol.  Ill,  p.  69. 
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short  designation  for  an  unanalyzed  group  of  conditions  which 
is  the  cause  of  the  dififerenoes  in  the  frequencies  of  the  nume- 
rals; these  groups  of  conditions  may  be  widely,  or  perhaps  even 
absolutely,  different  in  two  series  of  experiments. 

The  comparison  of  these  two  series  of  observations  shows 
that  there  are  certain  common  results  (high  frequency  of  cer- 
tain numerals,  low  frequency  of  the  numerals  adjoining  to 
them).  The  high  frequencies  are  apparently  due  to  different 
mental  conditions,  but  the  low  frequencies  of  the  adjoining 
numerals  may  be  brought  under  the  general  rule  that  the  ele- 
ments of  a  complex  which  are  next  to  a  favored  complex  with 
which  they  are  not  associated  are  at  a  disadvantage.  The 
chief  result  is  that  the  so-called  preference  for  certain  nume- 
rals is  a  complicated  mental  process  which  admits  of  a  further 
psychological  analysis.  The  analysis  of  these  two  series  of  ob- 
servations shows  that  this  preference  for  certain  numerals 
may  be  very  similar  in  its  numerical  expression  and  yet  it  may 
be  due  to  entirely  different  conditions. 


JouaNAi,— 3 


FLUCTUATIONS  OF  ATTBNTION.  32 1 

Upon  liminal  and  snpraliminal  cntaneous  sensations  remains 
approximately  constant  for  at  least  2  to  3  minutes,  provided 
that  physiological  adaptation  of  the  sense-organ  and  violently 
intruding  distractions  can  be  avoided  for  this  length  of  time. 
The  normal  course  of  events  is  that  the  sensation,  once  set  up- 
fades  out  steadily  and  gradually  in  consequence  of  adaptation. 


DBTBRMINING  THB  INDBX  OP  COR&BI«ATlON.  325 

and  the  second  two  hours  and  fifteen  minutes,  even  with  the 
aid  of  the  adding  machine  and  the  Tables  previously  mentioned. 
The  short  method  cannot,  of  course,  be  recommended  for 
the  final  determination  of  important  correlations,  because  the 
probable  error  is  large,  particularly  with  relatively  few  cases 
and  a  low  value  of  r,  but  it  is  very  serviceable  for  the  pre- 
liminary examination  of  such  data,  and  may  give  results  of 
value  when  the  scale  divisions  are  &irly  fine,  the  data  symmet- 
rically distributed,  the  number  of  cases  not  too  small,  and  the 
correlation  large,  say  above  0.50. 
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everyday  experience,  and  its  imagery  readier,  and  more  hatnt- 
ual.  (5)  More  interest  and  emotional  coloring  belongs  to  ob- 
jects than  to  their  pictures.  (6)  To  the  extent  that  the  picture 
represents  and  suggests  the  object  the  imagery  of  the  object  is 
already  given. 
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Measurements  of  Prang  Colors,    Columbia  Standards, 


Prang  Colors. 
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BBG 

5-5 

II. 0 

835 

17 

B 

6.0 

3-5 

90.5 

18 

BBY 

6.5 

1-5 

90-5 

J -5 

19 

BY 

94.0 

6.0 

20 

YBY 

70.5 

29.5 

21 

Y 

8.0 

54  0 

38.0 

22 

YRY 

21.6 

31 -8 

40.3 

23 

RY 

74-4    1 

12.8 

12.8 

24 

RRY 

87.2 

12.8 

5" 


HOX7STON  AND  WASHBURN: 


Averages  of  all  Experiments. 
No.  of  experiments,  1,573.  Ages,  5  to  24  years. 


N< 

>.     Name. 

Red. 

Orange. 

YeUow. 

Green. 

Bine. 

Pnrple. 

z. 

R 

971 

0.9 

3. 

RRO 

93-9 
96.8 

6.1 

3 

RO 

3-2 

. 

4 

ORO 

19.2 

80.8 

5 

0 

4.4 

95-6 

6. 

OYO 

0.8 

41. 1 

58.1 

7 

YO 

1:3 

74.8 

8. 

YYO 

91.8 

9 

Y 

x-9 

98.1 

10. 

YYG 

23.6 

76.4 

II. 

YG 

3.8 

96.2 

13. 

GYG 

2.9 

97.1 

13 

G 

99.8 

0.2 

14. 
15 

GBG 
BG 

Misi 

:ellaneou 

s. 

97.2 
58.1 

2.8 
41.9 

16. 

BBG 

0.4 

2.4 

97.2 

li: 

B 

0.5 

Q3.0 
84.2 

6-5 

BBV 

0.6 

15.2 

19, 

BV 

69.2 

30.8 

20. 

VBV 

66.1 

21. 

V 

5-3 

317 

63.0 

22. 

VRV 

29.4 

> 

70.6 

23- 

RV 

92.6 

7-4 

24. 

RRV 

98.1 

1-9 

2 
(0 


7-8M0  11 


8 


O 
CO 
iO 


13  14  15   16  17-1810       20  21 
O  O 


ON  THE  NAMING  OF  CX>I<ORS.  523 

As  points  of  special  interest  in  the  corves  may  be  noticed 
the  somewhat  broad  range  of  colors  that  were  almost  always 
denominated  **red,"  "green"  or  "blue."  For  "orange"  and 
"yellow"  the  total  range  is  perhaps  nearly  as  great,  but  the 
high  frequency  of  usage  is  confined  within  extremely  narrow 
limits.  Another  item  is  the  sharpness  of  the  demarkation  in 
the  usage  of  "green"  on  the  side  toward  red  as  compared  with 
its  wide  range  on  the  side  toward  blue,  corresponding  to  the 
common  uncertainty  of  "telling  green  from  blue."  In  a  some- 
what similar  fashion  "blue"  and  "purple"  overlap.  It  is 
also  interesting  to  notice  that  the  pair  "blue"  and  "yellow" 
do  not  overlap  at  all,  though  they  might  perhaps  be  expected 
to  do  so,  if  it  were  actually  possible  to  see  in  green  a  mixture 
of  yellow  and  blue  as  some  have  thought  could  be  done.  A 
similar,  though  smaller,  gap  separates  the  usage  of  the  names 
"red"  and  "green."  "Green"  and  "purple"  (here  equivalent 
to  violet  probably)  were,  however,  applied  to  identical  colors 
by  different  individuals. 


